Introduction
Forensic geoscience is a rapidly developing branch of criminal investigation utilising the analysis of rocks, sediments and soils by studying the physical, chemical and biological components of a sample. The rapid development of analytical techniques, machinery and to some extent automation, enables very detailed characteristics of a sediment to be identified from large numbers of samples. Soils and sediments are now routinely analysed to compare crime sites with items belonging to a suspect and their vehicles.
The increased detection capabilities of analytical techniques enables at least parts per million of a chemical, or individual sediment grains, which are nanomicrons in size, to be identified. The early work of Edmond Locard [1] , where he implied that 'every contact leaves a trace', is now more pertinent than ever before.
This paper provides three examples of the application of some forensic geoscience techniques in the investigation of wildlife crime. Two cases involving badger-baiting and one case of illegal importation into the United Kingdom of an endangered species of bird, are presented showing how complementary analytical techniques were employed to compare samples taken from the scenes of the crime with those taken from belongings of suspects (see also [2] ). The interpretation of the results are included, mindful of the philosophical and practical restraints that should be employed in such analyses.
The Philosophy and Nature of Forensic Geoscience
In order to provide accurate forensic geoscientific interpretations from the analysis of sediments and soil, it is important to recognise the difference between geological and forensic procedures. A plethora of techniques can be found to analyse the physical, . It is very rare in forensic geology to be able to 'match' two samples; a physical fit of two broken rocks is indeed an unusual occurrence. By their very nature soils and sediment vary not only within a spatially restricted site, but they may also contain similar characteristics to soils and sediments from other sites. This does not stop some practitioners from attempting to find matches between samples [5] [6], or at least to strive to find similarities [7] . The four samples were analysed by binocular microscopy to obtain a broad indication of the presence of detrital minerals and other debris. All samples showed assemblages of quartz, rounded iron rich nodules, small agglomerates of reddish clay and light coloured root fibres, together with small amounts of wood and organic debris (see figure 4 ). The limited sand-sized soil content was striking as the samples were remarkably lacking in the normal detrital mineral assemblages. No further binocular analysis was undertaken.
Grain size analysis was undertaken on the two samples taken from the badger sett and soil recovered from the two spades. The analysis by laser granulometry showed that the grain size distribution curves were very similar to each other, with the exception of the sample analysed from the front of spade 2 (see figure 5 ). The discrimination of one subsample from a source sample could be explained with reference to contamination by materials previously deposited on the spade. The technique has no means of differentiating such contamination, and as such is often used purely as a descriptive mechanism and usually only as an exclusionary tool. Similarities can be noted; no more than that.
Finally, analysis was undertaken to investigate the surface grain textures of individual quartz particles. A substantial literature has been built up in international journals relating the textures of individual grains of quartz, viewed often under high magnification by a scanning electron microscope [11] . In geological investigations, forty or more textures have been identified and all can be attributed to geological processes and conditions. Such detail enables samples to be compared and exclusions to be identified. This generally ubiquitous mineral, found in most soils, contains grain types (these are an amalgam of suites of grain surface features) that can vary dramatically from site to site. Bull and Morgan [12] identify that there are only a very discrete number of quartz grain types found in each sample, taken across England (n = c.1000 from which a database was constructed) and that it is possible to compare comparator grains to sample grains, and if the quartz grain types were different, then they could be excluded from having derived from the same source.
Samples taken from both the surface and at depth at the badger sett site, contain three main types of quartz grain textural groupings. This combination of groups is not found in any of the thousand sample locations in England. One particular grain texture found on the grains taken from both the surface and depth samples at the badger sett is distinctive, being found on only 1.93% of the 30,000 quartz grains in the database. This grain type; an elongated euhedral overgrowth with terminations is pictured in figures 6, 7, 8 and 9. This makes a very significant marker grain and is found from soil samples taken from both the front and back of the spades. Indeed, all the samples from the two spades contain the same three grain type assemblage as found at the badger sett.
It could be reasonably expected that in employing the above techniques, samples of soil taken from the two spades would be able to be excluded from the source samples taken from the badger sett, if significant differences had been found. The techniques employed contained techniques not dependent on each other (colour, conductivity, pH, and chemical content could reasonably be argued to have some dependent characteristics, although these are independent of quartz grain surface texture analysis and to some extent grain size analysis) and in conclusion they can not exclude the samples from having derived from the same location. Indeed, the similarities in analysis in all samples in this case is noted and considered to be very significant.
Palynology
Palynological analysis was undertaken on soil samples taken from the two spades (spade 1 and spade 2; figure 1 ) and from two areas of a badger sett which had been dug in order to access the animal. The results were obtained following standard methods, laboratory sampling, identification and counting following that of Bennett et al. [13] , Moore et al. [14] and Stace [15] . No attempt was made to differentiate taxa if there was any room for doubt in identification, many taxa were identified only to family or generic level. The standard published keys and modern reference materials outlined in the references above and by Edwards [16] and Anderson [17] were utilised. The percentage results for each of the four samples are presented in figure   10 , and the data are arranged according to various groups: fungal/algal remains;
trees/shrubs/climbers; spore producers; and herbs.
If a spade has dug into a soil, there will be both shallow and deeper soil represented on the blade and it is important therefore, to have some knowledge of the palynological nature of the soils in the upper and lower levels of the profile. In most instances, soil formation (pedogenesis) is a dynamic process and organic materials are constantly added and decomposed. Depth may be equated with age and as such the amount of decay or corrosion of organic material such as pollen grains and spores is largely a function of their residence time within the soil. The longer they have been present, the more likely they are to be decomposed and difficult to identify.
It is important to note that some palynomorphs are relatively resistant to decomposition whilst others are very vulnerable. Thus, deeper soils tend to have palynological profiles somewhat biased towards robust taxa and higher numbers of decayed and unidentified palynomorphs would be expected. Surface and shallow soils have palynological profiles which are more representative of extant vegetation at any location. Figure 10 shows that the numbers of unidentified palynomorphs are highest in the site sample taken at depth and this reflects their residence time within the soil. The percentage for corroded and decayed pollen and spores was 32.1% of the total count compared to only 1.6% in the surface soil. This result is what is to be expected; the shallow sample had larger numbers of easily identified palynomorph taxa and a lower number of corroded and unidentified ones than the deep sample.
When the proportions of the various taxa are reviewed from the two soil samples from the sett, it can be seen that there were much higher values of Alnus (alder), Quercus (oak), Tilia (lime) and Caluuna (common heather) in the lower soil than the upper.
These taxa are robust and tend to be recognisable after relatively long residence times in the soil. Most other taxa had lower percentages in the lower sample and this is a function of decomposition. It must also be remembered that vegetation can change with time so that a deep soil will be more representative of vegetation that might be different from that present at the site today.
Although one sample was taken deep within the soil profile and the other from nearer the surface there was sufficiently close similarity to recognise that they were from the same soil profile (figure 10). The similarity between these two controls was also confirmed by the background debris and character of the fungal remains as well as the pollen and plant spore assemblages. There is little doubt that the profile represents a largely open habitat but that deciduous trees and shrubs and Pinus were growing in the catchment. It must be remembered that soil is a complex matrix and that there will be a certain degree of spatial heterogeneity in palynomorph distribution. An identical 'match' could never be expected, either between the two spades or the spades and the site samples. There were for example, traces of Picea (spruce), Salix (willow), Tilia (lime) in the soils from the sett that were not found on the spades. When so few pollen grains of these taxa were present in the original soil, it is not surprising that some failed to be transferred to the spades. The spades might have been used for other work so that mixed assemblages (contamination) might be present. A garden plant such as Ligustrum/Syringa (privet/lilac) was found on spade 1 but not on spade 2, and again this is not surprising because as they are insect pollinated their pollen is relatively rare in soils, even in close proximity of the parent plant.
Overall, the taxa found on the spades bear closest resemblance to those taken from the upper soil of the badger sett, although many of the taxa present from the soil taken at depth in the badger sett were also found on the spades.
In conclusion, if the sett were not the source of the soil then to achieve the palynological profile observed on the spades, there must be a place offering identical conditions. Such similar sites, the existence of which is theoretically possible, has yet to be encountered by the authors.
The illegal importation into the UK of Eleonora's Falcon (Falco

Eleonorae)
A man was detained in southern England being in possession of two young falcons (Falco Eleonorae). Subsequent searching of his house revealed a bag containing various items of climbing kit, including a 'new' rope which was dirty only over the initial length of 19.9m. The rest of the rope was clean and looked brand new since it contained paper labels which were fresh and not worn by use. The dirty rope was washed to retrieve soil particles and the mixture was concentrated by centrifuge for analysis. The soil was markedly red in colour. This sample was compared with four samples taken from locations on the island of Mallorca, where it was known that these birds bred in the wild.
Binocular microscope analysis of the soil taken from the rope was found to contain plant debris, limestone and calcite particles, shell fragments and quartz grains together with a fine matrix of red soil. Scanning electron microscopy of the same soil material derived from the rope revealed two main types of quartz grain surface texture assemblages (see the case above for background details). The quartz grains showed some grains which were very blocky and angular and seemed to have derived from the in situ breakdown of a larger quartz conglomerate pebble deposits. There was also a distinctive quartz grain with well formed euhedral plates, some edges of which showed no edge abrasion whatsoever (this implies near source provenance of the material from a diagenetic sandstone lens).
The soil from the rope provided an unusual bi-modal grain size distribution with a median size of 8.5 microns, a clay fraction of 14.7% and a silt fraction of over 83%.
Chemical analysis (AAS and dionex) of the same soil indicated that the fine grain material originated from limestone redzina type soil with large amounts of sodium chloride. Allied to this chemical analysis was pollen identification which identified the presence of pine, fir, oak, grass and pistachio. Furthermore, SEM analysis also identified the presence of micritic calcite grains and a large number of diatom fragments. Since the pollen assemblage contained palynomorphs not found within a
British context, overseas origins of the material taken from the rope could be sought.
Soil samples were subsequently collected in four sites in Mallorca in areas known to be the type of habitat that Falco Eleonorae would find suitable as a breeding area.
All four samples were subjected to the same analytical tests to include binocular microscopy, scanning electron microscopy of quartz grain surface textures, grain size analysis, basic cation and anion chemical analysis and pollen analysis.
All four samples contained the same general materials identified from the material taken from the climbing rope, whereas scanning electron microscopy of the quartz grain surface textures was able to exclude two of the samples as having been the source of the soil found on the rope. Grain size analysis, although somewhat of a descriptive technique, was able in this case to identify that the statistical parameters of the grains found in one of the two remaining samples were so different to that of the characteristics of the soil taken from the rope that it was extremely unlikely that they both derived from the same source.
It was therefore, possible to exclude the soil from three potential breeding sites in Mallorca as having been the source of the soil recovered from the rope. It was not possible to exclude the remaining site sample as having been the source of the soil from the rope. This evidence contributed towards a guilty verdict and the first custodial sentence imposed for such a crime committed in Britain.
Suspected badger (Meles meles) baiting identified by comparison of materials taken from boots and spades
A man was arrested in a suspected case of badger-baiting close to a badger sett that had been dug up. Two spades were seized from his vehicle, as were the boots that he was wearing, which were caked in mud. A soil sample was taken from the badger sett to compare with the soil recovered from the boots and spades.
The sample from the badger sett was taken from a very disturbed site, so in the laboratory, ten subsamples were taken from this bulk sample (of approximately 1kg).
This was to account for any within sample variance that may have existed through the different horizons of the soil profile that had been incorporated into the original bulk sample. Each spade was divided into 20 specific areas and a soil sample taken from each point. The boots were treated in a similar manner and it was possible to take 10 samples from the right boot and 14 from the left boot.
A series of physical and chemical analytical techniques, were undertaken to compare the soil samples taken from each exhibit and the soil taken from the badger sett site.
Using the Munsell colour classification system, samples from the sett, boots and spades were designated colour codes, and these were all found to be within a very similar range. The pH values of these samples were again all within a similar range, with the possible exception of spade 1. A measure of the dissolved solids in distilled water was also undertaken by way of measuring the conductivity of these soil samples. The soil samples from the sett and spades had similar readings in the range 215-220S, while the soil samples taken from the boots had higher conductivity values. All of these results are presented in summary form in figure 11 .
Binocular microscopy of all the soil samples revealed a very distinctive assemblage of particle mineralogy and petrology as shown in figure 12 . The assemblages found in each sample are similar to each other, and are noteworthy due to the small number of constituents present. These assemblages are of very local origin and their presence in all of the samples analysed can be deemed significant. It is not possible to exclude the soil taken from the spades or the boots as having derived from the same source as the soil sample from the badger sett. In addition, a number of black and white hairs were found in some of the samples taken from spade 2 and from both boots. These were subsequently examined by binocular microscopy, and found to be elliptical in cross-section, black and white in colour, and in some instances to have black and white bands. These were identified as badger hair (Meles meles) ([18] [19] [20] ).
Simple chemical analysis was undertaken on the samples using AAS and Dionex as outlined in the previous case. The results are presented in summary form in figure 13 .
As found previously, the range analysed was broadly the same for all samples with only a small variance between comparator samples such as would be found in the natural fluctuation within one soil type. Again, this simple analysis can not exclude the two spade samples or the boots and the site samples from having derived from the same or similar source.
There was sufficient sample to undertake particle size analysis (using a CILAS 920
laser granulometer) on all 10 samples from the badger sett site sample, 11 from spade 1, 10 from spade 2, 3 from the right boot and 1 from the left boot. Results are presented in figure 14 . The analysis of the sett site samples provided two distinctive grain size distribution curves. One set of distribution curves produced from analysis of the soil from spade 1 revealed a curve similar to one of the curves from the sett site soil samples, while the samples analysed from spade 2 produced the two distinctive curves produced by the sett site soil samples (in-depth discussion of these results can be found in Morgan and Bull [10] ). The materials analysed from the boots, whilst having some broad similarities to the grain size curves produced from the soil samples taken from the sett site, can be excluded from having derived exclusively from the same source as the materials at the sett site. It would appear that there was some 'contamination' or mixing of soils from different sources on the boots. This admixture is not surprising due to the nature of footwear and highlights the necessity for great care to be taken in the interpretation of results produced from techniques that require homogenisation of the sample prior to analysis.
Finally, scanning electron microscopy of the soil samples was undertaken to assess the quartz grain surface textures (see section 3.1 for technique overview). Samples taken from the badger sett site proved to be predominantly quartz which were comprised of three main quartz grain textural groupings [12] . This combination of textural groupings is not found in any of the thousand sample locations found in the paper above and so can be excluded as having derived from any previously sampled source in Britain. It could reasonably be expected that in employing all of the above techniques, that samples could be excluded from the badger sett site if significant differences had been found. The techniques employed in this case did not involve variables that were dependent upon each other and therefore the similarities in analysis of all samples in this case is noted and the samples can not be excluded from having derived from the same or similar source.
Conclusions
This paper presents the results of the investigation of three different wildlife crimes using geoforensic analysis. A number of important points have arisen from these simple cases that need to be viewed within the context of the philosophical framework outlined at the beginning of this paper.
1. There is a fundamental difference between the philosophical approach in geomorphological and geological analysis and that of the more Bayesian attitude necessarily adopted in geoforensic analysis. This approach is fundamentally lacking in some of the more recent cases published in the literature.
2. Care must be taken in choosing the analytical techniques, which may be appropriate for geological investigations, but must be used with extreme caution in forensic applications. Of course as many techniques as possible should be employed, but this is often determined by the quantity of sample rather than the philosophy of requirement. If techniques employed compared variables which are to lesser or greater extent dependent upon other variables which are also analysed, then extreme caution should be exercised. This is not always the case. An allied problem in forensic analysis is that of the contamination of a comparator sample before or after the forensic event. If analysis, no matter how detailed, complex and data producing requires that the sample be homogenised (by grinding or solution or both), then the associated results, be they positive or negative, can not be tested using these techniques and thus the authenticity of any association is gravely compromised. 
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